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10 INTRODUCTION

The Yukon River Bridge was designed and constructed to accornmo
date two 48-inch diameter crude oil pipelines in addition to
vehicular traffic The results of preliminary assessment to
investigate the feasibility of placement of 48inch diameter
gas line on the bridge were presented by NWA in joint meeting
with representatives from the State of Alaska the office of the
Federal Inspector and ALYESKA Pipeline Service Company Two
alternative designs were presented

Alternative

Place the gas pipeline on the west pipeway which is cur
rently vacant

Alternative

Place the gas pipeline beneath the deck and between the
box girders of the bridge supporting the pipe at inter
vals on sliding plates framed into the webs of the box
girders

Drawings depicting details of these alternative placement methods
are contained in Appendix

During the discussion that followed the presentation some tech
nical concerns were expressed by the agencies regarding struc
tural details of the proposed alternatives The concerns are
summarized below

Adequacy of design of the proposed modifications to the
existing bridge diaphragms required for Alternative
This concern is addressed in Section 3.0

Adequacy of design of the proposed modifications to the
existing bottom flange of the box girder of the bridge
required for Alternative This concern is addressed in
Section 4.0

Possible fatigue in the pipe both for Alternatives and
resulting from vehicular traffic on the bridge This

concern is addressed in Section 5.0

The effect on the bridge structure resulting from pos
tulated hole in the gas pipeline both for Alternatives
and This concern is addressed in Section 6.0
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subsequent meeting was held in Houston with the ALYESKA
Pipeline Service Company As result of this meeting it was
decided to provide additional clarification concerning the live
load levels used in the structural analyses

This report addresses the agencies concerns regarding the place
ment of the gas pipeline on the Yukon River Bridge and shows that
both the suggested methods are technically sound and the agencies
concerns unwarranted summary of the analytical techniques
used in addressing the agency concerns and the conclusion drawn
from the analyses appears in the next section
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2.0 SUMMARY AND CONCLUSIONS

21 DIAPHRAGM MODIFICATIONS

An investigation through finite element analytical procedures
examined the adequacy of the modified diaphragms due to the pro
posed gas pipeline installation beneath the deck and between the

box girders of the Yukon River Bridge

It was determined that the modified diaphragm has stress in
crease of 14 percent over the stress of the diaphragm in the ex
isting bridge The maximum stress of the modified diaphragm and

the existing diaphragm were 760 Ksi and 669 Ksi respectively
Both of these stresses conform to AASHTO code requirements The

study centered around investigating conditions at Pier since

preliminary analysis indicated that the diaphragm at this pier
contained the highest stresses The conclusion can be made that
the modified diaphragms at all piers will perform adequately and

will meet code requirements

2.2 BOX GIRDER MODIFICATIONS

The description of the procedure used to size the plates required
to strengthen the superstructure was reviewed The process fol
lows accepted and conservative procedures for strengthening ex
isting structures The process adequately handles the fact that
additional plates will not participate in resisting existing
loads It was concluded that this analysis is acceptable The

provisions for the bolt arrangement were reviewed Relevant
AASHTO specifications cited were followed in the analysis
review of the basis of such provisions was made and no exceptions
were found for the design situation analyzed

It was concluded that adequate connection strength will be devel
oped to resist the additional loads Experimental evidence is

cited in the report to verify the conclusion It is also noted
that these provisions are used and found acceptable in all high
way bridges and their adequacy can perhaps best be cited by the

excellent history of performance of bolted connections in such

bridges including the Yukon River Bridge itself

detailed stress investigation was made of the local stress
field around the bolt holes The investigation specifically
addressed the transient situation in which the bolt holes were
made without the connection being completed It was recognized
that stress risers near the bolt holes exist but attenuate very
rapidly with radial distance from the hole However when using

very conservative assumptions it was demonstrated that the local

material around the holes would still be able to provide signi
ficant safety factor against local failure
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23 PIPELINE FATIGUE

An investigation was made of the stresses caused in the pipeline
due to AASHTO HS2O-44 truck loading plus impact

It was concluded that the stress range is well below the allow
ables using the generally acceptable method of an equivalent
static loading analysis The possibility of higher impact fac
tor was examined and although not discounted in certain postu
lated situations is seen to have no detrimental effect on the
conclusions Resonant effects from the bridge on the pipeline
were discounted using simple models

24 THRUST FROM POTENTIAL LEAKAGE

An investigation was made of the effect of concentrated load
applied to the pipeline to simulate hole in the pipeline Cri
tical events were identified corresponding to the position of the
hole on the circumference of the pipeline Such events would
correspond to the onset of failure mechanism but would be con
siderably below actual failure Loads corresponding to the onset
of these critical events were found and an associated hole size
was identified

For the pipeline the critical event was the negation of reac
tion load due to pipe hole in the bottom of the pipe The hole
size required to equal the reaction load was 18 square inches or

4.8 inch diameter circular hole

For the bridge the critical event was first contact of the pipe
line with the web of the bridge due to hole in the side of the
pipe pushing the pipe on its frictional supports in toward the
web The hole size required for contact was 22 square inches or

5.3 inch diameter circular hole

2.5 CLARIFICATION OF LIVE LOAD LEVELS

Wind induced stress cycles for the fatigue analysis is the con
trolling load case for the substructure analyses of the Yukon
River Bridge

It was shown that according to accepted equations for fatigue
design the number of load cycles would have to be drastically
reduced to allow acceptance of the fatigue critical details
Strengthening of the piers is recommended for both alternatives

AASHTO lane loading is the controlling load case for live load
for the superstructure analysis of the Yukon River Bridge It
was combined with dead load effects to produce the design
stresses
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For Alternative such stresses would remain below allowables so
no superstructure strengthening would be required For Alterna
tive such loading would produce stresses which would require
reduction through superstructure strengthening It was demon
strated that AASHTO truck loading would not prompt such recom
mendation It was concluded that lane loading especially when
applied to the remote Yukon crossing is adequately conservative
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3.0 DIAPHRAGM MODIFICATIONS

31 STATEMENT OF CONCERN

Adequacy of design of the proposed modifications to the

existing bridge diaphragms required for Alternative

Placement of pipe under the deck would require modifications to
the existing diaphragm to accommodate pipe passage at the piers
and abutments Questions were raised about the adequacy of the

proposed modifications Appendix Sheet 31 shows the proposed
changes study has been performed to investigate the modified
diaphragm details under erection and operating load conditions by
considering full lane load on one traffic lane Such loading
would be expected to produce the maximum moment on the diaphragm
which provides torsional restraint

32 DESIGN LOADS

It was assumed that traffic on the east bridge lane during con
struction would be allowed Live loads were therefore placed on
this lane for all analyses in order to maximize the torsional
moment the existing oil line is currently cantilevered from the
east side

The values of the design loads relevant to this analysis are
given in Table

The design loads considered are arranged in expected combina
tions The group loads investigated are the following

Group Load

Dead Existing bridge and oil line operating con
ditions

Live HS2O-44 full lane load applied on the east
lane so as to maximize the torsional effect

Impact from AASHTO

Group Load

Dead Existing bridge and oil line operating con
ditions and gas line operating conditions

Live HS2O-44 full lane load applied on the east
lane so as to maximize the torsional effect

Impact from AASHTO
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Group Load

Same as preceding with one exception The gas line is

not installed The bridge is under the erection condi
tion By inspection this condition will not be con
trolling load In addition the allowable stresses for
this group Load are 150% temporary loads of the basic
unit stress

3.3 ANALYSIS PROCEDURES

three dimensional finite element model Figure was developed
to describe the Yukon River Bridge The ANSYS computer program

large scale general purpose engineering analyses computer pro
gram was used for the analysis An initial run of the model in
which all diaphragms were modelled by beam elements indicated
that the diaphragm at pier was the location of highest stress
in all diaphragms For this reason the finite element model for
the bridge was modified by model in which the equivalent beam
elements modelling the diaphragm at pier were replaced by
combination of plate and beam elements representing individual
elements at the diaphragm

Figure shows the model at the diaphragm used in the analysis of
the existing condition i.e Group Load of Section 3.2 Figure

shows the model of the proposed modified diaphragm used in the

analysis i.e Group Load of Subsection 3.2 Details of the
model and analyses are contained in Appendix

3.4 RESULTS

Computer stress analysis results of the existing configuration
indicate that in general the stresses throughout the diaphragm
at Pier are low The maximum stress from Group Load See
Figure occurs in plate element with value of 6.69 KSI
Analysis also indicates low stresses throughout the proposed
modified diaphragm at Pier The maximum stress from Group Load

See Figure occurs in the same plate element with value of
7.60 KSI The maximum stress of the modified diaphragm due to

gas line installation is 14% greater than the diaphragm in the

existing bridge The stresses in both the existing diaphragm and
the modified diaphragm are below AASHTO Code allowables as shown
in the calculations in Appendix

comparison of the section properties of the existing diaphragm
and the modified diaphragm are shown in the calculations in Appen
dix pages 41 through 44
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The moments developed in the box girder for Group Load and
are as follows

Group Load

MX MZ

East Girder 12441 INK 627814 INK
West Girder 11135 INK 540108 INK

Group Load
MX MZ

East Girder 12472 INK 733031 INK
West Girder 13068 INK 643215 INK

GAS PIPELINE ON THE YUKON RIVER BRIDGE
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4.0 BOX GIRDER MODIFICATIONS

4.1 STATEMENT OF CONCERN

Adequacy of design of the proposed modifications to the

existing bottom flange of the box girder of the bridge
required for Alternative

For Alternative placement of pipe under the deck the bottom
flanges of the box girders were recommended to be strengthened by
bolting additional plates to the inside of the box girder Ques
tions were raised about the procedure used to size the plates as
well as the increased stresses on the net section where the holes
will be drilled for the bolts Appendix 13 Drawing Number 4680-
13-11-W-SK-064K shows the recommended strengthening

4.2 DESIGN LOADS

The values of the design loads are given in Table The loads

investigated relevant to this discussion are the following

Case Existing Dead Load

Existing bridge and oil line operating conditions

Case Existing Dead Load Future Gas Line

Bridge oil line and gas line under the deck including
all appurtenances operating conditions

Case Existing Dead Load Future Gas Line Future
Oil Line

Bridge oil lines on both pipeways gas line under the
deck including all appurtenances operating conditions

Case Existing Dead Load Future Gas Line During Hy
drotest

Bridge oil line and gas line under the deck including
all appurtenances this condition did not control

Case Live Load Impact

AASHTO H52044 loading including impact factors

43 SIZING OF PLATES

4.3.1 Analysis Procedure

The moments in the box girders due to dead weight load cases were
found by using the program ANSYS

GAS PIPELINE ON THE YUKON RIVER BRIDGE
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Another program Michael Baker Jr Inc in-house program 270
was used to find the moment due to live load AASHTO HS2O-44
loading was specified The distribution factor was found by
AASHTO specifications and verified by separate ANSYS analysis
Program 270 calculates the moment influence line Maximum posi
tive and maximum negative areas under the influence line are com
puted to determine maximum positive and negative live load lane
moments For truck loadings concentrated loads are placed to
simulate wheel loading The axle spacing is varied to provide
maximum moments The truck is placed in all allowable positions
to determine the maximum moments The final moments in the out
put are multiplied by impact and distribution factors

For particular point of interest in the box girder the follow
ing were defined

MDL1 moment resulting from Case

MDL2 maximum moment resulting from Case or

MLL moment resulting from Case

The existing dead load stress and reserve capacity stress were
then determined as follows

Existing dead load stress
01 MDL1/SBQT

Reserve capacity stress
a2 GALL 01

where

SBOT existing section modulus of the bottom flange

GALL allowable stress of bottom flange as per AASHTO

Any new plates to be added to this section must be added with the
consideration that the new plates will not share in resisting the
existing dead load stress since they are being added while this
dead load effect is being fully resisted by the existing struc
ture Then in order not to overstress the existing material

SBOT L2 MLL MTJL1 a2

where

SBOT Required section modulus of bottom flange

The calculation of SBOT required trial and error procedure in
which various plate sizes were added the geometrical properties
computed and compared to the required value The plate length
was found by calculating the point at which the existing material
would exhibit no overstress under the final configuration An
additional terminal distance was added to develop the design re
sistance through the bolting configuration
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43.2 RESULTS

The results of the analysis indicated that strengthening would be

required at plate transition areas in all spans Appendix
Drawing Number 4680-13-11-W-SK-064K shows the proposed place

ments of the reinforcing plates two locations in each box girder
in each of the six spans for total of 24 locations

Since the plates will have to be manhandled into position the

weight of each piece was calculated to find the feasibility of
the handling operation Each location in the box girder that

required strengthening will have two plates each plate being
half the required width to ease the handling operation If the

weight was still found to be excessive the thickness of each
plate would be halved requiring four plates to be carried to
that location

44 HIGH STRENGTH BOLT CONFIGURATION

4.4.1 Analysis Procedure

AASHTO provisions were followed in designing the configuration of
the bolting arrangements Relevant requirements are

Except as otherwise provided herein connections shall
be designed for the average of the calculated design
stress and the strength of the member but they shall be

designed for not less than 75 percent of the strength of
the member Art 1.7.16

The diameters of the hole shall be taken as 1/8 inch
3.2 mm greater than the nominal diameter of the rivet
or high strength bolt unless larger holes are permitted
in accordance with Art 1.7.22 Art 17.44M

The minimum distance from the center of any fastener to
sheared or flame cut edge shall be... For 7/8 inch

fasteners inches 22.22 mm 38 mm Art 1.7.22

The minimum distance between center of fasteners shall
be three times the diameter of the fastener but prefer
ably shall not be less than the following

for 7/8 inch fasteners inches 22.22 mm 76.2
mm Art 1.7.22C

The strength of members connected by high strength bolts
shall be determined by the gross section for compression
members For members primarily in bending the gross
section shall also be used except that if more than 15

percent of each flange area is removed that amount re
moved in excess of 15 percent shall be deducted from the

gross area Art 1.7.15
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The basis for these provisions are contained in Reference

Since the calculated design stress in the connection
would be based on the reserve capacity of the member the
first provision was satisfied by designing the connec
tions to develop 75 percent of the strength of the mem
ber Since the maximum reserve stress a2 is 12.2 Ksi
and the strength of all members considered is 27 Ksi
then 75 percent of the strength 075x2720.3 Ksi pro
vides connection design strength that is 40% higher
than the calculated design strength This provision was
included to provide an adequate safety factor for slip
resistance of the connection The fact that the connec
tion was well above the calculated design strength gives
an indication of the added conservatism of this provision
as applied to this situation

The second provision is conservative in calculating the
net section since it is observed that Bolts are gener
ally used in holes 1/16 inch mm larger than the
nominal bolt diameter Reference

The next two provisions are intended to prevent local
plate failure by ensuring that the shear resistance of
the plate can resist the local bearing action by the
bolt

The last provision is designed to require tension members
to yield on the gross section before failure occurs on
the net section This can be expressed in the equation

IA /a

Where and represent the tensile strength of the net
section and the yield stress of the material at the gross
section is reduction factor to ensure that yielding
of the gross section develops before the tensile capacity
of the net section is reached also prevents yielding
of the net section under working loads For A537 steel
the minimum yield stress is 50 Ksi while the tensile
strength from coupon tests is 70 Ksi Thus Ia is
0.71 Using factor of 0.85 produces requireMent
that /A 0.84 Note that using from coupon tests
is conerative since the ultimate strngth of perforated
plates at the net section is higher than coupon ultimate
strength due to the reinforcement or biaxial stress
effect created by the holes For A441 steel with
yield of 42 Ksi the increase of ultimate strength is
five percent when /A 0.85 This provides added con
servatism With the of 27 Ksi and the IA
ratio equal to 0.85 net section stress of

GAS PIPELVNE ON THE YUKON RVVER BRIDGE
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Ksi could result This provides factor of safety with
respect to the ultimate load of 22 For the proposed
strengthening of the Yukon River Bridge six 1-inch holes
will be made in the 61inch bottom flange so the IA is
0.9 to provide factor of safety with respect uti
mate of 23 Moreover the net section stresses have
very localized character and do not influence the behav
ior of the connected members Reference 133

Actual load tests of beams with flange splices provided
the conclusion that In all tests the maximum resisting
moment was equal to or slightly greater than the theo
retical plastic moment The gross section plastic mo
ment was obtained although. .this was approximately 23%

greater than the theoretical net section plastic moment
Reference 107 This provided strong evidence
that the completed connection would develop the full
design strength

To investigate further the nature of the net section
stresses and to quantify their behavior computer anal
ysis using the finite element method was made The anal
yses used the program PSI developed for NWA to investi
gate plane strain/stress situations The analyses fea
tures automatic mesh generation through solution of the
planar Laplacian equation The mesh generated for this

analysis is shown in Figure and consists of 325 nodes
and 288 elements grid of 24x12 elements Since the
bolts to be used are 7/8 inch the hole was sized at one
inch diameter The minimum distance between holes on the
bolt line perpendicular to the longitudinal stress path
is 6.75 inches Symmetry conditions allowed the model to
contain only one quarter of the bolt hole with no move
ment allowed in the transverse direction at the mid line
and 3.375 inches from midline of the bolt hole The
longitudinal length of the model was 675 inches with the
load applied at the extreme end Even though the minimum
distance between bolt lines perpendicular to the longi
tudinal stress path is three inches the length was ex
tended to find the distance at which the stress contours
would approach those expected in the gross section Note
that no strength or extra conditions were added for the
bolt itself Thus the condition may be thought to rep
resent most closely the case wherein the holes are
drilled but the bolts not yet inserted All material
was assumed elastic The thickness was input as 0.75
inches

load of pound/element was applied as uniform load
on the longitudinal direction at the extreme end of the
mesh On the gross section this would correspond to
stress of 474 psi 12/
GAS PPELONE ON THE YUKON RIVER BRDGE
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4.4.2 Results

The displaced shapes and stress contours are contained in Appen
dix The stress contours for the longitudinal stress SIGMAX
indicates that the stress concentration attenuates rapidly with
radial distance from the hole At the periphery of the next hole
location the stress contour has nearly returned to the gross sec
tion value within 5% Thus at the spacing selected no signif
icant stress interaction from localized stress concentrations
around bolt holes is expected and thus this simple model is

adequate The rapid attenuation also provides indirect evidence
for the adequacy of AASHTO provisions regarding minimum spacing
of bolt holes

The SIGMAX or maximum principal stress SIGNAl stress contours
indicate that the net section stress 12/075x
5.56 psi is not exceeded outside radius equal to about one half
the bolt diameter 0.5 inches

At the bolt hole periphery stress concentration factor of about
2.1 based on the gross section stress can be found from the
stress contours of SIGMAX or SIGNAl Since the maximum gross
section stress allowable is 27 Ksi such factor would imply
safety factor against local failure of 70/ 1.23
Such computation is very conservative for the following
reasons

the inclusion of inelastic effects would tend to redis
tribute the stress

the ultimate strength would be increased because of the
biaxial effect

actual coupon tensile strength is usually above minimum
specifications and ranges from 70 to 100 Ksi Reference

p.ll

the loading required to reach yield is based on conser
vative loads especially for the live load

It should be noted that the testing program of Reference
also tested members in which bolt holes were placed in

the flange of the members but left open This section
also developed the full plastic moment As stated in the

report Although the evidence is not extensive the most
logical explanation for obtaining resistance greater
than that of the net section lies in strain hardening of
the flange material at the side of the holes Reference

107
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5.0 FATIGUE CONDITIONS OF PIPELINE

51 STATEMENT OF CONCERN

Possible fatigue in the pipe both for Alternatives and
resulting from vehicular traffic on the bridge

As live load acts on the bridge members can be expected to ex
perience cycle in stress centered around the mean dead load
stress level Such cyclic stress levels were checked for bridge
members against AASHTO fatigue provisions The additional ques
tion was raised as to the effect of AASHTO truck loading on

cyclic behavior in the pipeline Such question involves the
load transfer from the deck of the bridge to the pipeline sup
ports study was initiated to investigate the details of the
effects of live load on the pipeline

5.2 DESIGN LOADS

Vehicular live load effects AASHTO HS2O-44 including impact
factors were used to develop the loadings for use in the

analysis

Truck loading rather than lane loading was used to determine the
stress range since lane loading is unlikely in general and even
more unlikely at the Yukon River Bridge Such viewpoint is
reinforced by the statement At most locations on highway the
trucks are rarely if ever spaced closely enough to be repre
sented as uniform lane loading Therefore lane loading need
not be considered in fatigue design unless the bridge is at
location where unusual conditions cause abnormally close truck
spacings to occur fairly often Reference 1179

The number of cycles of loading was based on the AKDOT report
that about 100 vehicles travel over the bridge each day Appendix

For conservatism value of 250 ADTT average daily truck
traffic was used to derive the value of 250000 design cycles of

loading

5.3 STATIC ANALYSIS

53.1 Analysis Procedure

The ANSYS finite element program was used to determine the stress

range in the pipeline AASHTO HS2O-44 loads were used to deter
mine the nodal forces applied to the nodes at the deck level
The forces included impact factors as per AASHTO specifications
The placement of the trucks on the bridge was determined from the
bridge moment influence line so as to attempt to maximize the
effect of the loading One run was made to maximize the positive
stress range in the pipeline and another run was made to maximize
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the negative effect in the pipeline The amplitude of this
stress range was then compared to the allowable stress range for

250000 cycles of loading as derived from ASME Boiler and Pres
sure Vessel Code Section VIII

Both Alternative and Alternative were investigated Details
of the investigation are contained in Appendix

5.32 Results

The maximum stress range in the pipe was found to be 3.31 Ksi
Referring to Reference 10 Appendix Article 5-1 the alter
nating stress intensity was taken as 0.5 of this range or 1.65
Ksi For 250000 cycles of loading the allowable value of the

alternating stress was taken from Ref 10 Fig 5110.1 as
19 Ksi Thus the fatigue provision is met with factor of

safety of 19/1.65 or 115

5.4 DYNAMIC EFFECTS

5.4.1 Analysis Procedure

As the truck travels across the bridge dynamic effects magnify
the stress that would be calculated by simple static analysis
This magnification is usually accounted for in design by
applying an impact factor to the calculated static stresses
Reference As was mentioned the AASHTO impacts were applied
to the truck loadings used in the static analysis This factor
for the 410 foot span was

50
3%125

However it was recognized that the AASHTO code for impact was
less conservative than other codes such as the new Ontario
Bridge Code Reference To understand the magnification due
to dynamic effects the several factors which underlie the analy
sis are explained below

For single load of constant magnitude acting on simple span
the dynamic part of the midspan moment is given by

Wl a2 2irat 2rrt\

Md 48 1_a2 T2 sin

where weight of moving load

length of beam

speed parameter

time the load has been on the beam

period of beam
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This effect is maximized when the first sine term is and the
second is -1 The impact factor is found by dividing this
maximum value by the static moment Wl/4 so

ir .__ ....

12 1a2 1a2/ 12 1a

The speed parameter is given by
vT

22

where period of structure

velocity of the moving force

For the first vertical mode of the Yukon River Bridge sec
Reference with single span length of 410 and assuming
speed of 60 mph

60 5280

3600 410 ft

0.215

so 0.23

The effect of several moving loads with fixed spacings such as
multiaxle trucks produces more complicated relationship since
the impact curve undulates due to changing phase relationships
However the single load provides reasonable approximation to
this situation Reference The effect of the variation in
force from the truck due to the spring effect of the truck axle
should be small since theK ratio of t1uck weight to weight of the

bridge span is small 72 /410 /ft 0.02 Assuming that
oscillations in the truck are caused by uneven surface the os
cillations are limited to about 15 percent of the static force
Reference Assuming that these effects combine directly with
the former dynamic effects very conservative assumption assum
ing in-phase reinforcement of effects the value of the impact
factor should be bounded by 0.38 Such value is in general
agreement with the more conservative Ontario Bridge code

This factor does not include consideration of bump at criti
cal location which may increase the impact value Actual re
corded values of stress range impact factors for continuous span
bridges vary from 0.05 to 0.54 Even though the authors of
Ref conclude that present AASHTO formula are fairly
typical and therefore are generally appropriate for fatigue
calculations the highest recorded value of 0.54 was used for
this effect
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Finally the possibility of bridge inertial effects were consid
ered dynamic magnification could result if forcing func
tion represented by steady state oscillation has frequency
similar to the frequency of the excited structure This amplifi
cation expressed as the ratio of dynamic to static response is
given by

1/ 2pt2 1/2

where ratio of frequency of external force to frequency of
the excited system

percentage of critical damping of excited system
Reference 11

For the bridge the period of the primary vertical mode is sec
onds Reference Assume that the forcing mechanism the truck
loading is of such type and duration as to cause steady state
oscillation of the bridge which would occur at the primary ver
tical frequency If this is viewed as forcing function on the
pipe support nodes then the amplification factor can be used to
find the effect on the pipeline

5.4.2 Results

Even using the worst of all reported impact factors and assuming
that this factor occurs for all cycles of loading throughout the
history of the bridge the stress range in the pipeline was still
below allowables by factor of

19 1.09

1.65 1.54
8.2

As seen in Appendix the natural frequency of the pipeline was
conservatively assuming simply supported conditions calculated
as 15.8 sec-1 Thus 0.032 Assuming no damping po the
amplification would be given as 1.001 Any damping would de
crease this result Thus any resonant effect was discounted
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6.0 THRUST FROM POTENTIAL PIPELINE LEAKAGE

6.1 STATEMENT OF CONCERN

The effect on the bridge structure resulting from
postulated hole in the gas pipeline both for Alternatives

and

The gas pipeline is required by 49CFR192 to have an increased
safety factor when located on the bridge this results in 0.72-
inch thick pipe or 20% increase above the crosscountry de
sign Further special attention has been given to fracture
control for this line In addition study was performed to

investigate the effects on the integrity of the crossing in the
event that hole develops in the line on the bridge The force
developed was found from the reaction of the escaping gas i.e
no fire rupture or explosion was assumed to accompany this
event Special attention was given to the integrity of the

bridge structure as opposed to the integrity of the pipeline
itself

6.2 DESIGN LOADS

The hole was postulated to occur anywhere along the crossing and
anywhere around the pipe periphery Therefore to bound the ef
fect the worst locations corresponding to this event were chosen
to be analyzed

The actual value of the force will depend on the size of the
hole It was decided to identify the magnitude of the force
which would cause critical event and then to calculate the size
of hole to which the force would correspond An arbitrary load
of 10 Kips was used in all computer runs and critical event loads
were found by simple scaling of the results

6.3 ANALYSIS PROCEDURE

combination of manual and computer techniques were used for the

analyses

It was assumed that the hole would occur at pipe support node
since this would maximize the local effect on the bridge Any
other location would distribute the force between adjacent
supports

For the case where force is directed vertically up the critical
event condition was considered that in which the magnitude of the
force would be equal to that of the normal reaction This would
be case of pipe instability no damage potential to the bridge
would exist at this load

GAS PIPE UNE ON THE YUKON RIVER BRIDGE
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For the case where force is directed vertically down the

pipeline support framing was analyzed by manual techniques to
find the load at yield yield being defined as the critical event
condition for this case The main girders of the bridge were
analyzed by the computer program ANSYS to find the vertical load
to yield them In this latter analysis three runs were per
formed

Theoperating condition of an oil line on the east

pipeway and the gas line on the west pipeway

The above conditions plus 10 Kip vertical load on the

gas supports at the center of the center span

The above conditions plus 10 Kip vertical load on the

gas supports near the center of the first span

The first analyses served as the reference case The second
analysis was an attempt to maximize the moment increase The
third analysis was an attempt to maximize the stress increase at
the most highly stressed transition area in the bottom flange
Results for Alternative were assumed similar

For the case where the pipeline is on the west pipeway and the
force is directed horizontally out from the bridge the critical
event condition was considered to be the load at yield of the

bumper support system The loss of pipe support may follow such
an event however no damage potential to the bridge would exist

For the case where the force is directed horizontally in toward
the web of the girder the movement of the pipe must first be
such as to allow contact of the pipe with the web of the girder
before there is damage potential to the bridge Contact of the

pipeline with the web was defined as the critical event The
movement of the pipe on the slide supports when subjected to
horizontal force was analyzed by an ANSYS run This run assumed
the horizontal force was placed at the pipe support node cen
trally between the pipe anchor at pier and bumper stop moun
ted on the web in the first span To maximize movement low
value of the coefficient of friction 0.05 was used The criti
cal force was assumed that in which the pipe bends enough between
the horizontal support points so as to close the initial gap be
tween the pipe and web

6.4 RESULTS

The study indicated that

The critical load for assessing damage potential to the
pipeline would be that from hole in the bottom of the

pipe jetting the pipe up off its supports This hole was
estimated to be about 18.7 square inches which is equiv
alent to 4.8 inch diameter circplar hole

GASPVPELINEONTHEYUKONRIVERBRIDGE
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The critical load for assessing damage potential to the
bridge would be that from hole jetting the pipe in
toward the web of the box girder This hole was esti
mated to be about 22.4 square inches which is equivalent
to 5.3 inch diameter circular hole

It is noted that the hole sizes predicted correspond to loading
events which are not failure events Since the hole sizes were
so large i.e indicating the high forces required before the
onset of the defined critical events it was not necessary to
assess actual failure loads due to the load mechanism Thus in
the case of the critical event for the bridge i.e horizontal
load pushing the pipe toward the web the critical load corre
sponds to the force required for the pipe to contact the web
Considerably more force would then have to be exerted to fail the
web and in turn fail the girder Even in that case the bridge
will not collapse and would be able to withstand light vehicular
loading Reference
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7.0 CLARIFICATION OF LIVE LOAD LEVELS

7.1 STATEMENT OF CONCERN

Strengthening of the Yukon River Bridge is recommended as re
suit of the stresses derived from analyses containing live loads
The substructure is recommended to be braced due to the fatigue
analysis under wind loading Although no superstructure
strengthening is required for Alternative strengthening of the
bottom flange of the box girder is required for Alternative as

result of the analysis under AASI-TTO lane loading At meeting
in Houston with Alyeska Pipe Service Company it was agreed to
review the controlling live load values and evaluate their sig
nificance in this application

7.2 DESIGN LOADS

For the substructure analysis it was concluded that the addition
of extra framing members the pipelines and other appurtenances
would not prompt any strengthening recommendation under AASHTO
group loading combinations

However in addition to the above analyses 2ASHTO fatigue
stresses due to wind loading were investigated This loading
condition considered the application of the maximum wind loads

applied to the pier in one direction and then reversed The
maximum wind load was derived from the design wind speed of 80

MPH which was used in the original bridge design Reference
The value of 80 MPH also agrees with recent recommended design
isotachs for bridges Reference

The number of cycles of loading considered was 100000 which cor
responds to the AASHTO provision The number of cycles of
stress range to be considered for wind loads in combination with
dead loads except for structures where other considerations indi
cate substantially different number of cycles shall be 100000
cycles Reference Art 1.7.2.B

For the superstructure analysis the loading combination which
prompted the recommendation that the bottom flange of the box

girder be strengthened was based on AASHTO lane loading since it
controlled over AASHTO truck loading

7.3 ANALYSIS PROCEDURE

The analysis of the wind conditions was performed by combina
tion of manual and computer analyses The wind load expressed
as force per unit area was transformed into force per length
by multiplying by the projected area of the bridge Results were
monitored at several locations in the substructure The allow
ables were based on the identification of fatigue critical de
tails according to recent AASHTO specifications Reference
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According to the AASHTO specifications fatigue critical category
details exist in the columns and column struts which result in

very low permissible live load stress levels Note that these
AASHTO provisions are considerably more stringent than the provi
sions which would have been applicable during origInal design
Using this criteria category details in the columns non
redundant members allow only 125 Isi

For the superstructure analysis the bridge was analyzed under
the following conditions

The existing crude oil line and an operating gas line
under the deck

Crude oil lines on both existing pipeways and an opera
ting gas line under the deck

Crude oil lines on both existing pipeways and gas line
undergoing hydrotest under the deck This case never
controlled since the design allows an increase for temp
orary loads

The allowables were based on the criterion that permissible
overstress of six percent over the established design stress was
acceptable

7.4 RESULTS

For the substructure analysis the stress range was found to be
above allowables in several areas of the piers At the base of
pier for example stress of about 40 Ksi was found This
overstress prompted recommendation for strengthening the col
umns by adding cross bracing elements which would reduce the
stress range to tolerable levels It is noted that the provi
sions do allow for increases in the allowables if the number of

cycles can be reduced However using the formula Reference

AS -3
ri

where Ni is the fatigue life Sri is the applied stress range and
is function of the fatigue behavior of detail then it can

be seen that the number of cycles must be reduced to
40

12.5
_3 100000 3052 cycles

for the provision to be satisfied Note it is not clear that
the fatigue life formula holds in this range so such an extrapo
lation should be considered approximate
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Although no expert aerodynamic authority was sought in this

issue it appears unreasonable that such drastic reduction in
the number of stress cycles could be achieved by sitespecific
studies

For the superstructure analysis the controlling load case to
derive the live load effect was AASHTO lane loading It was
found that strengthening of the bottom flange of the box girders
at plate transition areas in all spans would be required The

strengthening consists of increasing the plate thickness of the
bottom flange by bolting additional plates to the inside of the
box girders

Using AASHTO truck loading the stress would be reduced to

point where no superstructure strengthening would be required
Table If permissible overstress of percent is toler
able the AASHTO truck loading could be increased by about 30%
before strengthening would be required Thus even though AASHTO
provisions specify lane loading for structural analysis the

probability of vehicular loading on the Yukon River Bridge
approximating AASHTO lane loading is remote and therefore its

use in the analysis is quite conservative
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8.0 TABLES

Table No Table Page

Design Loads 29

Truck Loading versus Lane Loading 30
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DESIGN LOADS

Designation Value Reference

DEAD LOAD Gas pipeline NWA Project Criteria

364 lb/ft for 48 OD 0.720 w.t
API 5LX/5LS Grade 70

38 lb/ft for insulation/jacket

80 lb/ft for maximum gas weight
745 lb/ft for test water weight
580 lb/ft for pipe shoes support

framing and walkway

Oil pipeline and appurtenances As-Built Drawings
1450 lb/ft per pipeway AKDOT recommendation

Appendix

Protective cover for oil pipeline Meeting with AKDOT
165 lb/ft per pipeway Appendix

Bridge weight As-Built Drawings
810 lb/ft asphaltic wearing

surface

3310 lb/ft Box Girders

DESIGN LIVE AASHTO HS2O-44 AASTO 1980

LOAD

IMPACT FACTOR
L125 AASHTO 1980

FOR LIVE LOAD

where span length in feet

TABLE
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TRUCK LOADING VS LANE LOADING

Kft KSI Kft KSI
Kft Mom Stress Mom Stress

Point Mom Lane Bottom Track Bottom

1.213 24436 7880 29.17 4554 26.16

1.509 24060 10949 31.60 5885 27.03

2.373 22739 10402 29.91 5487 25.5

2.627 22283 11339 30.34 5554 25.12

3.373 22042 11365 30.15 5574 24.92

3.627 22157 11570 3044 5579 25.03

Stress calculated at transition areas using least section modulus

Allowable 27 Ksi 6% over allowable 28.6 Ksi

All live load values include impact factors

SBOTT 12/ft 1108

Results symmetric about pier

TABLE
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90 FIGURES

Figure No Figure Page

ANSYS Plot of Computer Model for
Yukon River Bridge 32

Diaphragm Stress Analyses Results of

Computer Model 33

Diaphragm Stress Analyses Results of

Computer Model 34

Hole in Flange on Yukon Bridge
Undeformed Geometry Plot 35
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ANSYS PLOT OF COMPUTER MODEL
YUKON RIVER BRODGE
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11.0 APPENDICES

APPENDIX Alaska Department of Transportation
Correspondence

APPENDIX Drawings of Pipe Placement Design
Alternatives

APPENDIX Calculation Sheets for Analysis of Proposed
Diaphragm Modifications

APPENDIX Results of PSI Computer Study on Bolt Hole
Configurations

APPENDIX Calculation Sheets for Analysis of Pipeline
Fatigue

APPENDIX Calculation Sheets for Analysis of Effects
of Postulated Hole in the Pipeline
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GULF INTERSTATE ENGINEERING COMPANY MICHAEL BAKER JR INC

REPLY TO
ff P0 BOX 56228

1233 WEST LOOP SOUTH

HOUSTON TEXAS 77027

Joint Venture 713 960-0110

TELEX 79-4518

ALASKAN GAS PIPELINE PROJECT

MINUTES OF MEETING

Date March 20 1981

100 P.M

Place Alaska Department of Transportation

Douglas AK

In Attendance

John Santora NWA Fairbanks 451-1233
Morris Fraley NWA Houston 960-0100 Ext 174
Lynn Harnish AKDOT Pipeline Coordinators Office Fairbanks 456-4835
Donald Halsted AKDOT Chief Bridge Engineer Douglas 364-3463
Larry Carlson AKDOT Bridge Design Douglas 364-2121
Dennis Nottingham Paratrovich Nottingham Inc 272-8491
Robert Tilly JV/Michael Baker Jr Inc 452-1217
Keith Meyer JV/Michael Baker Jr Inc 975-3468
Frank Kempf JV/Michael Baker Jr Inc 2336526

Purpose of Meeting To secure data from AKDOT on the design construction and

present condition of the Yukon River Bridge

Literature and Drawings DOT handed Baker copies of

Booklet Designing the Yukon River Bridge AKDOT 1972

Booklet Foundation Report Yukon River Crossing AKDOT 1972

Booklet Pier Foundation Drilling Summary AKDOT 1975

Booklet Yukon River Bridge Risk Analysis Criteria Development

Nottingham Paratrovich 1981

Drawings Set of As-Built Bridge Construction Contract Plans

Bridge Design Calculations AKDOT prefers not to release the bridge design

calculations

Structural Steel Shop Drawings Due to the multitude of sheets AKDOT will

release copies of specific sheets when so requested

Present Condition of the Bridge AKDOT reports the bridge has been inspected

every two years AKDOT says that the bridge including Pier has not exper
ienced any structural problems to date Accordingly the as-built construction

plans reflect the present condition of the bridge

IRVINE CALIFORNIA HOUSTON TEXAS FAIRBANKS ALASKA



GULF INTERSTATE ENGINEERING COMPANY MICHAEL BAKER JR INC

REPLY TO
ill P.O BOX 56228

_-7 1233 WEST LOOP SOUTH

HOUSTON TEXAS 77027

Joint Ventue 713 960-0110

TELEX 79-4518

Bridge Roadway Surface AKDOTs present and future plans are to periodically
repair and maintain the present timber roadway surface AKDOT does not
intend in the future to exceed the 30 P.S.F allowance for bridge roadway
surface as shown on the contract plans

Protective Roof Cover over Oil Pipeline on Bridge AKDOT reports that this

cover installed subsequent to the completion of the bridge weighs 165 pounds
per lineal foot

Vehicular Overloads by Permit AKDOT reports they permit 35 to 40% over-
stress above the elastic design allowables for the occasional passage over
the bridge of vehicular overloads operating under permit

AASHTO Bridge Design Live Load AKDOT has no plans to increase the present
design live load of the HS2O truck and/or equivalent lane loading Also
for such vehicular loadings AKDOT prefers no bridge members be overstressed
but will tolerate 5% overstress Good engineering judgment and practice
should dictate

Current Traffic Usage of the Bridge AKDOT reports that there are currently
approximately 100 vehicles traveling over the bridge each day About 90% are
trucks and 10% are light vehicles It was recommended that Mr John Martin
of AKDOT in Fairbanks be contacted to obtain more accurate traffic statistics
Also AKDOT feels that the traffic volume will at least double in the immediate
future with the impending construction of the gas pipeline

10 Traffic Delays During Bridge Construction Should there be gas pipeline con
struction on the bridge in the future any interruption to the normal flow of

vehicular traffic due to construction will have to be approved by AKDOT
AKDOT feels that occasional delays of an hour or two are tolerable but

one-day delay for example is intolerable The use of detour and ice

bridge to avoid long delays may be acceptable

These minutes were prepared by Frank Kempf

IRVINE CALIFORNIA HOUSTON TEXAS FAIRBANKS ALASKA



JAY XAMWOMO GOYERNOR

DEPARTMENT OF TRANSPORTATION AND PUBLIC FACILITIES

Division of Highway Design Construction JUNEAU ALASKA $9802

RECEIVED 3642121 240

March 24 1981

MAR27 1931
242H

57ALASKM4

Re Pipe Forces on Bridge
John Santora

Manager Government Affairs Alaska

Northwest Alaska Company
701 Douglas Avenue
Fairbanks Alaska 99701

Deal Mr Santora

In response to the request of your Consultants expressed

in last Fridays meeting here in Juneau please find enclosed

table of pipeline forces on the Yukon River Bridge Your

Consultants may use these values as shown for their analyses

The Consultants also requested copy of any foundation infor

mation we had on proposed Yukon River crossings other than the

site of the existing bridge Unfortunately we were unable to

locate any in our files Perhaps Alyeska would have such infor

mation in their records

If we can be of any more assistance please give us call

Very truly yours

Halsted
Chief Bridge Engineer

Enclosure
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APPENDIX

DRAWINGS OF

PIPE PLACEMENT
DESIGN ALTERNATIVES
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CALCULATION SHEETS

ANALYSIS OF PIPELINE
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NRTHWEST ALASKAN PIPELINE COMPANY
3333 Michelson Dr

Irvine California 92730

714 975-6007

201.18
GOA822 177

October 1982

r---

BUSINESS Information for Federal Government ID Lf ii 11 19
purposes in accordance with 10 CFR 1504 F.R UIVol 46 No 240 December 15 1981 pages
61222 thru 61234

.-

Mr Ott
... te oi AIsk1State Pipeline Officer

Offe
Department of Natural Resources
1001 Noble Street Ipeine L0Ordnatcr

Suite 350

Fairbanks AK 99701

Subject Gas Pipeline on the Yukon River Bridge
Response to Technical Questions

Dear Mr Ott

Pursuant to agreements reached at meeting held in Seattle on
April 1-2 1982 between representatives of Northwest Alaskan
Pipeline Company NWA Alyeska Pipeline Service Company APSC
the Office of the Federal Inspector OFI and the Alaska State
Pipeline Coordinators Office SPCO NWA has undertaken the prep
aration of the enclosed supplemental report

Gas Pipeline on the Yukon River Bridge
Response to Technical Questions
Document No fl-17 Rev October 1982

Submission of this report concludes the structural analysis
requested and determined by the State of Alaska to be required in
order to make decision regarding use of the Yukon River Bridge
for the Alaska Natural Gas Transportation System ANGTS

Further questions should they arise on this report or the more
fundamental question of ANGTS use of the bridge should be

promptly referred to Mr Hauser 714/9753050

The enclosed information is considered confidential/proprietary
by Northwest Alaskan Pipeline Company and remains the property of
Alaskan Northwest Natural Gas Transportation Company partner
ship The petition attached to similar letter requests OFI to
consider this material BUSINESS information pursuant to 1OCFR
Part 1504 All rights are reserved to the enclosed work and
unauthorized reproduction is prohibited This material is

SUSIOIARY OF NOTI4WE5T NRGV COMPANY
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